However, much existing end-use equipment has long lifetimes and cannot
be economically converted to use coal or nuclear fission. For this
reason, it would be advantageous to use the high-boiling-point fractions
from coal and shale liquefaction with no further refining, or minimal
refining, to displace fuel oil in large installations. Development of
combustion and handling techniques for dealing with the high nitrogen
content, and (in the case of coal liquids) the relatively high content
of skin carcinogens, will be required. For smaller installations such
as apartment houses and small factories, it is probable that more refined
grades will be required.

During this century gasoline consumption is not expected to grow
and may decrease as prices increase and more fuel efficient passenger
automobiles displace the present fleet. While future use of fuel injec-
tion, stratified charge engines, or engines with higher compression
ratios may call for adjustments in volatility and aromatic content, it is
believed that these requirements can be easily met by applying petroleum
refining technology to the lower boiling fractions produced from coal
and oil shale once nitrogen, sulfur, and oxygen have been removed.
Because of their high aromatic content, these fractions are especially
well suited for this use.

The projected increase in use of diesel engines, increased air
travel, and continued use of liquid fuels for home heating should result
in a considerable increase in middle distillate demand relative to that
for gasoline. A high hydrogen content is needed in these fuels to avoid
smoke and deposit formation in present equipment and, in the case of
the diesel engine, to give satisfactory ignition characteristics.  Coal
liquids from direct liquefaction processes, because of their low hydrogen
content, are at a disadvantage compared with shale oil, which has rela-
tively high hydrogen contents, or with indirect liquefaction products,
which normally have very high hydrogen content. Automotive gas turbine,
Stirling, or stratified-charge engines, which can tolerate lower hydrogen
contents, are not expected to be used widely before the end of this
century.

In the long term it is expected that the fraction of total liquid
fuel production used in transportation will increase substantially from
its present share of approximately 50 percent.

LIQUEFACTION PROCESSES

The two major categories of liquefaction processes are "direct" and
"indirect." Direct liquefaction processes involve heating the solid
starting material with or without the presence of catalysts, hydrogen, or
solvents. Varying fractions of the organic content are converted to
liquids and can subsequently be separated from the unconverted solids.
Indirect liquefaction refers to a class of processes in which the solid
organic material is first converted to a mixture of carbon monoxide and
hydrogen by reaction with oxygen and/or steam. After purification, this